Abstract. Autonomous Underwater Vehicle (AUV) is currently used to side scan sonar, doppler velocimetry and inertial navigation devices and other equipment-based integrated navigation program navigation. The side scan sonar can generate the underwater acoustical image in real time and match it with the feature database through the image matching algorithm to filter the navigation data. Aiming at the characteristics of underwater acoustic image data, the method of drawing underwater acoustic image is described. In order to integrate the feature matching of the underwater acoustic image into the integrated navigation, this paper introduces the SIFT feature matching algorithm to improve the characteristics of the underwater acoustic image and introduces the discriminant condition based on the least squares method. After the matching criterion is introduced, the improved SIFT feature matching algorithm is greatly improved when the landmark matching is achieved, and the occurrence of false matching is avoided. Finally, the real experimental data obtained by the side-scan sonar equipment are verified by the algorithm, and the satisfactory results are obtained.
Introduction
AUV research is the current hot topic, and side scan sonar equipment is more commonly used in navigation equipment. Side scan sonar is the sonar from the side to the observation area, resulting in the seabed two-dimensional image [1] . Side scan sonar is one of the important tools for detecting the ocean, mainly used to depict the seabed topography, detection of submarine shipwreck and aircraft wreckage. Generally, the transducer array is mounted on both sides of the trailer or underwater submersible, and the mother ship will scan the surface of the submarine, and at the close distance from the seabed, usually about ten meters to several tens of meters, Finally, a vertical submarine image perpendicular to the direction of the track is measured [2] .
Image matching algorithm based on side sweep map is the key to realize underwater AUV autonomous navigation. However, due to the particularity of the acoustic image, it is difficult to achieve satisfactory results in some image matching algorithms which are more successful in optical imaging. In this paper, an improved algorithm based on SIFT matching algorithm can be applied to the matching of underwater acoustic images [3] .
Improved SIFT Feature Matching Algorithm
The SIFT feature matching algorithm can effectively find the feature points in the image and match the Euler distance between the two graphs to get the matching feature points. The more dense the more characteristic points, the more the similarity of the two graphs. The SIFT feature matching algorithm has the characteristics of real-time and independent of the rotation displacement. At present, the SIFT feature matching algorithm has been successfully applied in visual imaging matching, and the accuracy is high. But the underwater sound image has only two tones, and the pattern edge contour is very noticeable. This leads to the fact that when the SIFT feature matching algorithm is applied directly to the feature matching of the underwater acoustic image, the obtained feature points are not concentrated and the matching precision is low, and many misplaced cases occur. In view of this situation, I fully use the characteristics of the underwater image to extract the specific location and height of the feature points, and use the height information as the basis for judging to improve the matching accuracy and reduce the false matching rate.
SIFT Feature Matching Algorithm Framework
Gaussian blur is an image filter, which uses the normal distribution (Gaussian function) to calculate the fuzzy template, and use the template and the original image to do convolution operation, to achieve the purpose of fuzzy images.
The N-dimensional spatial normal distribution equation is:
Where σ variable is the standard deviation of the normal distribution, the larger the value of σ variable, the more blurred (smooth) the image. The r variable is the fuzzy radius, and the fuzzy radius is the distance from the template element to the center of the template. If the two-dimensional template size is m * n, then the template on the element (x, y) corresponding to the Gaussian formula is:
In the two-dimensional space, the contours of the surfaces generated by this formula are concentric circles that are normally distributed from the center. The convolution matrix consisting of pixels whose distribution is not zero is transformed with the original image. The value of each pixel is the weighted average of the neighboring pixel values. The original pixel has the largest Gaussian distribution value, so the maximum weight, adjacent pixels with the distance from the original pixel farther and farther, its weight is getting smaller and smaller. This blurring preserves edge effects higher than other equalizing fuzzy filters.
An image of the scale space,
is defined as a variable scale of the Gaussian function, ) , , (
Where * denotes a convolution operation. The SIFT algorithm has the principle that the rotation is not deformed to calculate a direction for each feature point. According to this direction, the direction parameter is specified for each key point by using the gradient direction distribution characteristic of the neighborhood of the key point, so that the operator has the rotation invariance.
The (x, y) at the gradient of the modulus and direction of the formula. Where L is the scale used for each key point. At this point, the key point of the image has been detected, each key has three information: location, where the scale, direction, which can determine a SIFT feature area. The gradient histogram ranges from 0 to 360 degrees, with a total of 36 columns per 10 degrees. The contribution of the histogram is also reduced as the contribution to the histogram decreases from the center of the center, and the use of the Gaussian function is used to smooth the histogram and reduce the effect of the mutation.
Side Scan Sonar Data
The side scan sonar data is stitched by each frame of scan data, and the time interval for each frame of data is known. H is the height of the AUV from the seafloor, R is the distance from the AUV to the landmark, and Height is the actual height of the landmark. The values of R, S, and H can be obtained in the side sweep sonar image. The value of R will be stored in the feature database. The position information of the AUV to the feature point that can be sought in the sonar image. As shown in the upper left, the red area is the feature area that is scanned. The meaning of the parameters in Figure 1 corresponds to the figure in the lower right corner. H is the height of the current AUV from the seafloor, S is the shadow length of the object in the direction of the sonar, and R is the distance from the object. In the sonar image can be obtained in the value. Where Height is the actual height of the object.
Where R will be used as the image feature matching success after the combination of pre-stored feature point location information, the inertial navigation data calibration. In order to avoid the false match of the feature points in the matching process, I use the height calculated in the above formula as the actual height of the object as the discriminant variable. In fact, the maximum height of a fixed object in the seabed is constant, so that the maximum height of the same object should be consistent regardless of the angle of the sonar. So that in the matching process, the matching success and the same height for the correct match, the difference is wrong match.
Underwater sound images, the middle of the line as a baseline, both sides of the curve for the submarine line. The area on both sides of the submarine line is a two-dimensional image composed of echoes returned by the object, which can reflect the approximate shape of the object, and its image tone changes with the received signal strength. The target echo wave surface of the reflected wave is strong, the image into a strong gray. Back to the sound wave surface and its shadow showing a gray-free white image. Using the SIFT feature matching algorithm, it is convenient to identify shadows that are darker and have a clear outline [4] . These shaded areas are landmarks, combined with the pre-acquired navigation data stored in the database as a matching sample.
Criterion Based on Least Square Method
Underwater acoustic image according to each frame of data scanning to generate more data images. In order to be able to get continuous real-time navigation underwater acoustic image, I use a fixed width of sliding window for real-time sampling of the underwater acoustic data. Update of acoustic images and landmarks matching samples, until the two feature points matching rate satisfies the given threshold, then you can think of the sliding window with a landmark matching success. But direct matching accuracy is lower, it is necessary to introduce the discriminant condition to test the accuracy of the matching results. For sampling in the image matching feature points to the success of according to the data frame is divided into n groups. The matching feature points of the slide in the same group. In order to find the edge feature point, take the characteristic points of each group have their point coordinates. Abscissa take the smallest point A corresponding to the position of A data frame for the first point, the abscissa biggest point B corresponding to the position of A data frame to the first point B. Range distance benchmark values, for the image by underwater acoustic data file can be obtained directly. Per the actual distance between two data points is 1 * Range / 1000 meters. So we can get R = a * Range / 1000, S = (b -a) * Range / 1000. The frame image are obtained by formula, the corresponding matching actual height :
N frame data to get the actual Height of the Height of N columns .
When SIFT feature matching algorithm on gray image, algorithm is sensitive to brightness change, only for the actual brightness no standards. After many validation, high pixel brightness and low pixel brightness matching each other often happen. Closer to 255 [5] . The average of the sum of the two brightness for preliminary screening for the match of pixels, the absolute value of the difference between the brightness values greater than a fixed value when the match is determined to be false.
SIFT feature matching algorithm are detected feature points are not all on the line, often there will be two match the picture with the border line. This kind of situation caused the error in the actual height value calculated object. In order to get the actual height of the close to the real value, need to remove the deviations greater error. Therefore, using the least squares curve fitting to optimize the Height, in order to get the Height of the smooth and continuous curve. Height deviation value is the sum of the squares of the smallest, achieve:
A fitting polynomial for:
The sum of the distance each point to the curve, the bias squares are as follows:
Both sides for partial derivatives and reduction can be vandermonde matrix:
The matrix equation:
Clearly it can get:
A analytical solutions can be determined by matlab instructions so that the polynomial fitting curve function can also get expression. To match the two pictures of each other the height of the curve is obtained by least square function. 
Ideally, when x is an integer, the values of the two functions should be equal. And the actual will be an error, the error function is:
So that when the error function in the x rounded close to 0, you can determine the match is correct; the other, the match error. This can then use the variance of the error function to finally balance the degree of zero close to zero when the value of x is zero.
After several tests verify that when satisfied:
Matching results are correct.
Experimental Data Validation
The data used in this paper is the data of the horizontal sweeps in a waters of Hebei Province.The submersible equipment of the submarine equipment for the 872 company produced by the equipment, the resulting underwater sound image is clear and stable, with a high reference value. And in the generated image file, including the corresponding GPS data for each frame of data, dive depth and navigation speed provided by the Doppler velocimeter and other navigation key data. This is a great way to build a navigation map and a landmark database.
For the company to provide the underwater sound data, I use matlab software to analyze, read the image information and navigation data. The image information is drawn into a complete underwater acoustic image, and the navigation data corresponds to each frame of the image data. Then the neutralized filtering of the obtained underwater acoustic image is carried out by simple noise reduction, and the fringe noise and speckle noise due to acoustic diffraction are basically removed. The characteristics of the underwater acoustic image after noise reduction are obvious, so that a few dark areas are selected as landmarks in the surface database. The surface database contains both the actual height matrix Height corresponding to each placemark. Height is compared with the real-time image to be matched as a criterion. In order to verify the matching accuracy of the improved SIFT feature matching algorithm, the real-time sliding sampling of the 1000 * 1000 sliding window in the complete experiment is carried out to simulate the actual underwater experiment [7] . In order to avoid the duplication of the standard sample database and the data of the test data, the experimental results are lacking in persuasion. Therefore, in this paper, we use the experimental data of the depth of 50m in the production of the standard sample database, and the real-time sampling data is the data of the same area with the water depth of 80m. So that the difference in water depth caused by the image difference can better verify the authenticity of the conclusions.
As shown in Figure 2 , a more obvious landmark image is extracted from the experimental data with a depth of 50 m. Figure 2 in real-time sliding sampling in 1000 1000 × format. The sliding window at each moment matches the selected landmark image. In order to improve the matching speed, this article will be all the pictures are scaled down. This match the update speed to meet the real-time needs, and the accuracy of the adjustment with the threshold will not be reduced. After setting a reasonable threshold, the experimental results are shown in Figure 3 . A total of three eigenvalue matching rates reached the threshold. However, only the second window in Figure 3a matches the landmark when the actual height maximum height of the three criteria is compared. And in fact it is the window corresponding to the landmark is the same. Figure 5 is the wrong match result. Through the height of Figure 5b , we can see that the maximum height difference between the two is large, and the height difference curve is also large. This shows that Figure 5a corresponds to the two pictures of the matching results are wrong. The test results were successfully verified.
Conclusion
The experimental results show that the improved SIFT feature matching algorithm with the discriminant condition can be applied to the feature matching algorithm of the underwater acoustic image. The algorithm greatly improves the matching accuracy, while improving the matching speed, with good real -time. However, the algorithm can only match those landmarks with obvious contours. Most of the seabed in the sea area of China is relatively flat. The main geology is dominated by sand and obvious landmarks are rare. Therefore, for the actual marine environment constraints, the algorithm still need to continue to improve, in order to be good with the application in the underwater navigation experiment.
